PURPOSE Breast cancer is the most common cancer among women, and in low-to middle-income countries late-stage diagnosis contributes to significant mortality. Previous research at the University College Hospital, a tertiary hospital in Ibadan, Nigeria, on social factors contributing to late diagnosis revealed that many patients received inappropriate initial treatment.
INTRODUCTION
Breast cancer is the most frequently diagnosed cancer and the leading cause of cancer death in women worldwide, 1 with an estimated 1.7 million new cases and 545,000 deaths due to breast cancer in 2016. 2 Nigeria is the most populous country in Africa, 3 and there is concern about a gradually increasing incidence of breast cancer in Nigeria as well the highest agestandardized mortality ratio for breast cancer in Africa. [4] [5] [6] [7] There is growing evidence that the biology of breast cancer is more aggressive in Nigeria than in the United States and Europe, including an earlier age of onset and a higher incidence of basal-like and HER2-enriched subtypes of the disease. [8] [9] [10] [11] When detected early and treated promptly, these cancers have a high cure rate in a well-resourced high-functioning health system. Nigeria has a tiered system of public health care, including primary care clinics at the local level that are under the purview of the local government. These clinics are primarily staffed by nurses and health care workers. There are regional secondary hospitals, which are designed to diagnose and treat more complex medical conditions, including providing surgical services. These hospitals are required to have multiple physicians in a range of specialties on staff. Tertiary hospitals, also known as specialist or teaching hospitals, provide specialty care and conduct research and education. In addition to the public health care system, there is a robust private health care system, which ranges from small clinics to facilities that provide basic inpatient care and surgery. 12 Unfortunately, despite access to health care providers, cancer treatment remains poorly organized, leading to advanced stage at diagnoses for Nigerian women. Recent findings from the Nigerian Breast Cancer Study show that the majority of patients have advanced stage at diagnosis and a higher burden of BRCA-associated ASSOCIATED CONTENT
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Accepted on October 30, 2019 and published at ascopubs.org/journal/ go on March 3, 2020: DOI https://doi.org/10. 1200/JGO. 19.00260 inherited breast cancers than has been reported in other populations. 13 This underscores the need for systems-level interventions to downstage breast cancer in Nigeria.
Stage at presentation in breast cancer has a direct relationship to likelihood of long-term survival. 14 Late-stage diagnosis of breast cancer is a significant concern in lowand middle-income countries, including sub-Saharan Africa. [15] [16] [17] The causes of late-stage diagnosis are complex and, in addition to aggressive molecular subtypes, include lack of access to comprehensive screening and preventive care as well as social and cultural factors such as alternative healing, financial concerns, and lack of education. 18 A previous qualitative study of patients with breast cancer and physicians in Ibadan, Nigeria revealed that lack of patient education, use of nonphysician providers, and delays in referral for prompt biopsy of breast lumps were the most significant themes raised in delay in diagnosis. 19 In contrast, fear of unanticipated surgery and costs were the most significant themes that contributed to delays in treatment. 19 In a previous study, both patient and provider lack of education about breast cancer contributed to delays in care. 19 Nonphysician provider education was a theme of unanticipated importance in patient narratives. These narratives focused on the lack of awareness about breast pathology and its management among nonphysician providers. Whether these patient impressions are backed up by an objective measure of provider awareness is unknown. There are multiple small studies of health care provider awareness in Nigeria, [20] [21] [22] [23] as well as a systematic review that synthesized awareness studies across many professional and lay groups. 24 These studies demonstrated that there is an increasing awareness that breast cancer exists and that it has a high fatality rate; however, awareness of risk factors and genetic susceptibility was much lower. 24 This is consistent with studies of both the lay public and health care providers in other low-and middle-income countries that have demonstrated significant gaps in awareness even among female health care professionals. 25, 26 Despite these assessments of breast cancer awareness, there had not been a comprehensive tool for assessing provider education that had been applied on a larger scale to assess the scope of the problem across all tiers of the health care system. Compared with changing widespread cultural beliefs or practices, addressing educational deficiencies is one of the attractive targets for systems reform to improve breast cancer outcomes in Nigeria. In multiple low-resource settings across multiple continents, improving physician awareness and educating community health care workers has been shown in pilot studies to be an effective option for diagnosis and clinical downstaging of breast cancer. [27] [28] [29] [30] Understanding the extent of the problem and the specific areas of weakness allows the best distribution of future resources. Given our preliminary findings on knowledge gaps at the provider level, 19 the goal of this study was to assess health care provider knowledge of breast cancer and to identify specific knowledge gaps that could be targeted for future education interventions. We hypothesized that different types of health care providers would have very different levels of knowledge and that identification of signs and symptoms and effective treatments would be the most likely areas of weakness.
METHODS
This study was completed from August 2013 to May 2014 in and around Ibadan, Nigeria. Institutional review board (IRB) approval was obtained from the University of Chicago IRB as well as the University of Ibadan IRB. Permission to recruit in the area was also obtained from the local government. For this study, a knowledge assessment instrument was developed that was tailored to local needs to assess knowledge of symptoms, risk factors, treatments, and cultural beliefs. The questionnaire was developed and validated after an initial culturally tailored qualitative survey of patients and providers about their understanding of breast cancer. 19 One of the authors (L.C.C.P.) with medical anthropology expertise spent a year in Nigeria working with the local team to develop and field test the questionnaire. We found that there was no word for breast cancer in the local language and that a major barrier to quality breast cancer care was delay of diagnosis. A previously validated questionnaire from a high-income country was not used, because local understanding and beliefs as well as
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knowledge of local resources were key components of our assessment.
After reviewing multiple questionnaires from high-resource settings, the questionnaire was developed with the goal of collecting information about provider demographics, professional and personal experience and education about breast cancer, prevalence of local cultural beliefs identified in previous qualitative research, and the specific knowledge domains of risk factors for breast cancer, signs and symptoms of breast cancer, and diagnostic and treatment modalities of breast cancer. The questionnaire underwent expert review and revisions and was field tested before being distributed to a larger population of health care providers. The expert review included four physicians with experience treating breast cancer in Nigeria, one medical student, and three research assistants with experience in breast cancer and public health research. The expert reviewers were asked to assess both scientific validity and whether the language used was locally appropriate. 
RESULTS
We distributed 1,061 questionnaires, and 725 providers responded (68%). Basic demographics of the cohort are listed in Table 1 . Median knowledge score was 31 out of 56 (interquartile range [IQR], 24-36) and ranged from 0-47 points. The differences in median scores between occupational groups were statistically significant (P , .001; Fig 1) . Table 2 . Hospital-based and private practice physicians scored predominantly in the good range with a subset of excellent scores, whereas PHC nurses and health care workers scored in the good to fair range with a subset in the poor range (Fig 2) . The questionnaire was broken down into multiple subsections, including those to assess for knowledge of risk factors as well as common local beliefs about causes of breast cancer. Median risk factor knowledge score for all providers was 6 out of 15 (IQR, 4-7) and ranged from 0-14. Risk factor knowledge score varied significantly by provider type (P , .001; Fig 3) . When asked to list five possible symptoms of breast cancer, 16% of providers could not name a single accurate symptom; however, 57% could name four or five accurate symptoms.
Assessment of local beliefs around breast cancer revealed significant misconceptions about breast cancer. In our study, 58.5% of participants believed breast cancer is always deadly, including 6.4% of hospital-based physicians. Furthermore, 41.4% of participants believed that keeping money in one's bra causes breast cancer, and 10% believed that breast cancer is caused by a spiritual attack. In our cohort, 10% of providers indicated that breast cancer is contagious, and 25% believed that it could be treated effectively with antibiotics.
In our cohort, 7.7% of health care providers reported having a family member who had been diagnosed with breast cancer, and 54% reported knowing someone outside of their family with a breast cancer diagnosis. Of our participants, 21% reported personally knowing a breast cancer survivor. The two most common sources of provider education were the television and the radio; however, a complete list of educational sources is shown in Table 3 . Of the respondents, 60% reported feeling somewhat or completely qualified to treat patients with breast cancer, 6% felt neither qualified nor unqualified, 20% felt somewhat or completely unqualified to treat patients with breast cancer, and 14% did not respond to the question. Selfassessment of qualification to treat breast cancer was significantly different by occupational group (P , .001; Table 4 ). There was significant correlation between overall knowledge score and self-assessment of qualification (R = 0.41; P , .001).
Of the female providers surveyed (n = 566), 95% reported being aware of self-breast examinations, and 91% reported regularly performing self-breast examinations. In the same group of providers, 37% had undergone a clinical breast examinations in the last year, and the majority of those examinations were for routine screening. Of the female providers . age 45 years (n = 168), 38% reported they had undergone prior mammography, and 86% of those mammograms were for screening. Of the female providers . 45 years of age, 83% stated they would be interested in Breast Cancer Knowledge Assessment in Ibadan, Nigeria screening mammography. The most common reasons for not wanting a mammogram were concern about radiation exposure and the belief that they did not need one.
Of the health care workers surveyed, 86% reported that they would be interested in an education program on breast cancer, and 29% reported that they would be willing to spend a whole day or more on an education program. Suggested formats for an intervention included an inperson class and internet-based education.
DISCUSSION
Delayed diagnosis of breast cancer in Nigeria has been well documented and has a significant impact on breast cancer morbidity and mortality. [14] [15] [16] [17] Better understanding of the causes of delay in care is critical to develop relevant and effective interventions. In Southwestern Nigeria, patients report that provider education is a barrier to timely breast cancer care. 19 Further assessment across the tiered health system is needed to determine where education is lacking and to be able to design an appropriate intervention. This cross-sectional knowledge assessment is a first step toward that understanding. Our study reveals that nurses and community health workers at primary health care centers scored , 50% on our knowledge assessment and could correctly identify only 40% of risk factors for breast cancer. This knowledge level is significantly lower than hospital-based providers. This knowledge deficit among primary care workers is of particular concern, as they are often responsible for referral to larger health care centers that are capable of diagnostic imaging and biopsy.
Furthermore, subset analysis of our questions shows a poor understanding of the causes and risk factors for breast cancer. This suggests that providers would not be able to identify specific patients who should be screened more carefully for breast cancer. Deficits also exist in symptom identification, further raising concerns that if a patient presented with clinical evidence of breast cancer a provider may not have sufficient awareness to make an appropriate referral or order appropriate imaging.
Our study also included questions about local beliefs and misconceptions about breast cancer. Even among health care providers, a subset believed breast cancer to be a communicable disease that can be treated by antibiotics or that breast cancer was caused by a spiritual attack or by keeping money in one's bra. Education about the underlying causes of breast cancer is important to reduce the blame that might be placed on the victim and potential associated stigma as well as to ensure that appropriate referrals are made and are not delayed by inappropriate treatments, such as antibiotics.
Female health care providers in our sample show high levels of awareness about and practice of self-and clinical screening techniques. Female providers . 45 years of age also showed a dramatic interest in receiving a screening mammography; however, the belief that they did not need a mammogram persisted and reveals that further education even in this healthcare-oriented population is still needed.
Despite the knowledge deficits identified in our study, the encouraging finding is that health care providers at all levels of the health care system in this area of Nigeria are eager for further breast cancer education and are willing to invest their professional time for that education. This attitude, combined with the knowledge deficits, makes provider education an attractive and potential powerful leverage point in the mission to clinical downstage breast cancer in Nigeria at the time of diagnosis.
One of the limitations of this study is that although multiple levels of the health care system were surveyed, all of the health care centers are in a relatively limited geographic area within Nigeria, which is located in close proximity to a large urban area. The data captured here may not reflect health care provider knowledge in other areas of the country or in a more rural setting. Furthermore, our knowledge assessment tool has not been previously validated; however, it did undergo extensive expert review and a pilot feasibility test. The variation between knowledge scores in different types of providers does suggest that we are able to capture a range of breast cancer knowledge and awareness in our sample population. Respondents to the survey were aware that the survey was being conducted by the University of Chicago and the University of Ibadan and may not have been comfortable expressing traditional beliefs, such as spiritual attacks as an underlying cause of illness, knowing who the audience was. As such, our survey may underestimate the true prevalence of non-Western beliefs about disease causation.
Our knowledge assessment reveals that health care worker knowledge of breast cancer in Southwestern Nigeria varies greatly depending on the type of provider; hospital-based and physician providers have higher overall knowledge, and PHC providers have significantly lower overall knowledge. PHC providers (both nurses and health care workers) and community birth attendants, many of whom may be the first point of contact for women with breast ailments, have significant gaps in their knowledge about breast cancer, with median knowledge scores , 50%. Specific areas of weakness in their knowledge, including risk factors for breast cancer and breast cancer symptoms, are attractive targets for future educational interventions targeted at reducing delays in diagnosis of breast cancer among patients who present to non-hospital-based health care providers. Furthermore, providers across the health care system are willing to participant in future educational programs to better care for their patients. Building on the foundation of this work, multiple members of this research team have incorporated health care provider education as a central component of their breast cancer research and capacitybuilding efforts in Southwest Nigeria, with the goal of maximizing community impact. 
